An analysis was made of the 23 cases of isolated ventricular septal defects seen at autopsy over a 20-year period at a children's hospital. All of the deaths occurred during the first 15 months of life.
MATERIAL AND METHOD A review of 2,586 consecutive autopsies performed at the Children's Hospital of Buffalo during the period of 1936 to 1956 revealed 288 cases of major congenital cardiac anomalies. Twenty-three of these proved to be uncomplicated ventricular septal defects. For the purposes of this study, stillborn infants and clinically unimportant cardiac abnormalities were excluded. In this series of ventricular septal defects the foramen ovale was closed in only one. However, in no instance did its valve appear incompetent. Two hearts with associated widely patent ducti were retained in this study. One of these occurred in a newborn baby who died at 3 days of age; the other in a baby who died on the eleventh day. In both, the patency of the ductus arteriosus was considered to be in the range of normal. 4 In all other cases the ducti were either closed or very small. Supported by a grant from the Western New York
State Heart Association. Presented in part at the 29th Scientific Sessions of the American Heart Association in Cincinnati, Ohio, October, 1956. The following additional cardiovascular anomalies were noted: left superior vena cava entering coronary sinus (cases 13 and 18); right aortic arch (case 5); bicuspid aortic and pulmonic valves (case 4). We did not think that these abnormalities had affected the clinical course of these patients.
Cardiac catheterization was performed on 6 of the infants in the usual fashion, with a Sanborn Poly-viso direct writing recorder and Statham strain gages as pressure transducers. In each patient light general anesthesia with intravenous pentothal was employed in addition to local procaine anesthesia and premedication. The catheter was introduced into a vein in the groin (saphenous or femoral). Blood gases were analyzed by the Van Slyke method. Because of the size and condition of the patients we were unable to obtain respiratory gases. It is necessary to point out that all of the infants were ill and in varying degrees of heart failure at the time of the cardiac catheterization. In 2 of them it was found necessary to administer 100 per cent oxygen by mask during the procedure. No calculations of shunts or flows were made because we thought that, under the circumstances, the errors inherent in the assumptions that must be made were too great.
Special attention was given to the histologic findings in the lungs in an effort to determine vascular changes. The blood vessels were specifically studied in regard to changes in their walls. In addition to the usual hematoxylin-eosin stain, the orcein-Van Gieson method was used for elastic tissues and the smooth musculature in the blood vessels in all sections from the lungs.
As 8 8 7 eluding the temperature used for stretching the paraffin sections) should be considered in any thorough evaluation. The most important facet, however, would be to agree on specified areas in the lung tissue for examining the blood vessels and, in particular, on 11 and 14) ; and ligation of ductus arteriosus (cases 1, 6, 9). In the last 3 it was mistakenly thought that a widely patent ductus might be present, causing part of the load on the infant's heart. The ages of the patients at death varied from 3 days to 15 months. Twenty out of 23 deaths occurred during the first 6 months of life ( fig. 1 ). The majority of the patients died during the first 3 months.
The clinical symptoms and physical findings were similar to those described by Engle' in 9 infants who died with uncomplicated ventricular septal defects. Failure to gain and recurrent episodes of respiratory infections were the chief complaints in all 23 cases. In 7, ranging in age from 3 weeks to 5 months, the admission weight was the same or less than the birth weight. Respiratory distress associated with transient cyanosis was present in all. In 4 cases there was a history of cyanotic spells usually occurring during feedings. These episodes preceded the development of respiratory distress or infection. A loud, harsh, prolonged systolic murmur, maximal along the lower left sternal border and accompanied by a systolic thrill, was present in 21 cases. There was no murmur in 1 instance (case 21), a newborn who died at 3 days. One patient, (case 16) was dead on arrival; hence, there were no data regarding the presence or absence of a murmur. Evidence of both right and left-sided congestive heart failure as manifested by dyspnea, rales, and hepatic enlargement was present on admission in 19 Ziegler.5 precordial positions V1 and V3R, together with the progressive decrease ill the R wave and increase in the S wave as the electrodes were moved to the left precordium ("Wilsoni phenomenon"). Mliller6 has stressed the value and consistency of the latter finding ill the diagnosis of right ventricular hypertrophy ill small infants beyond the age of 1 week. Two electrocardiograms showed definite ev\idenc(e of left ventricular hypertrophy manifested by abnormally tall Ri waves ill Vr5 and V6 with depressed S-T segments and inverted T waves in the same leads. Six of the tracings revealed evidence of combined ventricular hypertr ophy. This diagnosis was made whenever patterns of both right and left venitric(ular hypertrophy appeared ill the same electrocardiogram. In 3 of these 6 electrocardiograms the evidenc(e of left venitricular hypertrophy was more marked than that of right ventricular hypertrophy; ill the other 8 the reverse was true.
Physiologic Aspects. The results of the data obtained at cardiac catheterization in (6 patients are summarized ill table 3. Iil 4 of the infants the catheter w-as directed in the usual fashion through the right atrium and right ventricle, into the pulmonary artery. In the other 2 it passed from the right veintii(cle directly into the aorta ( fig. 3 ). (It was not possible subsequently to direct the catheter into the pulmonary artery ill either of these 2 patients.) I1 o10 instance was a significant pressure gradient present across the aortic or pulmonary valves.
The systolic pressure in the right ventricle was markedly elevated ill all patients. Ill 5 of them it, was equivalent to the systemic systolic pressure. In the sixth patient it was lower than the systemic pressure. N'o wedge pressures were obtained.
Evidence of a left-to-right shunt at the atrial level with a rise in oxygen content of the venous blood obtained from the right atrium occurred in 3 patients. The magnitude of these rises exceeded 2 volumes per cent. In all 6 patients there was a rise ill the blood oxygen content at the ventricular level exceeding 1 volume per cent. The oxygen saturation of the arterial blood obtained from the aorta or femoral artery w as below 90 per cent ill 3 19 were from infants who died before the age of 6 months. M~arquis3 found it to be the most common malformation in 110 consecutive cases of congenital heart disease seen at autopsy during the first 3 years of life.
We do not wish to infer that heart failure due to this malformation necessarily carries a fatal outlook in early infancy. In the past 5 years we have observed 4 patients with similar signs, symptoms, and electrocardiographic and roentgenographic findings who survived congestive heart failure in early infancy and appear clinically much improved at ages varying between 2 and 4 years. Cardiac catheterization performed on these patients during the first year of life revealed essentially the same findings as in the 6 (11 and 14) in which data were available, the diastolic pressure in the pulmonary artery was significantly lower than that in the peripheral artery. This indicates, as Dammann and Ferencz9 point out, that a lower peripheral vascular resistance is present in the pulmonary circuit as compared to the systemic when the systolic pressures in the 2 great vessels are the same.
The additional finding in 3 patients of a large left-to-right shunt into the right atrium should, we believe, be ascribed to functional tricuspid insufficiency* in view of the fact that no anomalies other than the ventricular septal defects were found. In no instance did it appear that the defect communicated directly with the right atrium. The existence of func-* There, of course, exists the possibility that in life the valve of the foramen ovale was incompetent despite the fact that such was not apparent at autopsy.
tional tricuspid insufficiency in the presence of a ventricular septal defect was recognized by Baldwin and associates'7 ill 1945. Obviously, this finding of left-to-right shunts at both the atrial and the ventricular levels complicates the differential diagnosis. Such patients may be subjected to surgery in an attempt to repair erroneously suspected atrial septal defects. Watkins and Gross's report this experience with 3 patients (apparently not infants) with "adequate pre-operative catheterization studies. " Pathologic Aspects. Several authors7' 12, 14 have accepted Selzer's contention that the size of the defect determines its clinical importance.'9 Insofar as our material is concerned, there was no apparent relationship between the absolute size of the defect and the ages at death (fig. 4 ). In1 accordance with the observation of Selzer and Laqueur20 that the relationship of the size of the opening to the size of the aortic orifice is important,, we determined the ratio of the 2 ill terms of their diameters. Again, there was no apparent correlation with the ages at death (fig. 5) . However, 12, or more than half, of the hearts of our series had defects as large as or larger than the aortic orifice. Also, the ratios ill the catheterized cases are compatible with Selzer's reasoned assumption that when the ventricular septal defect is larger than one half of the aortic orifice the pressure differential between the 2 ventricles may disappear.2' In all 5 catheterized patients with available autopsy measurements the ratio was greater than 0.5.
The 4 cases with small defects and ratios below 0.5 are difficult to explain. There were no apparent significant differences in the clinical, roentgenographic, electrocardiographic, or pathologic data in this group as compared w'ith the infants who had large defects. Catheterization findings would have been most interesting ill this group. Engle,' ill her series of 9 infants, reported 1 with a defect only 2 mm. in diameter. Her suggestion that the relationship of the location of the aorta to the defect is of importance would not apply to our case 213. In this heart there was only a 3-mm. opening located just below the pulmonic valve, anterior to the crista supraventricularis.
ZACHARIOUIJAKIS, TERPLAN, AND) LAMBERT
Our data do serve to confirm the findings of Seizer'9 and of Becu et al.,7 that the location of the defect in the septum is not important in determining its effect on the cardiovascular system. The 4 patients (cases 2, 6, 9, and 23) with single openings in other than the usual site were in no respect different from the other 19 infants.
In septal defects with the same systolic pressure in the pulmonic and systemic circuits Dammann and been shown to have equal systemic and pulmonary artery pressures, the majority had pulmonary arteries with thicker walls and smaller lumens than the average normal of the same age. (Most of them, however, fell into what was considered to be the range of normal.) Our failure to correlate the changes noted in our series with the ages at death and the clinical findings probably indicates that other factors are involved and the observed medial hypertrophy was not sufficiently marked to benefit these patients.
Surgical Implication. The data as presented have a direct bearing on the surgical approach to this problem: (1) The frequency of early death necessitates surgery in the first few months of life if a significant reduction in the fatality rate is to be achieved; (2) even in infants who survive the early months of life, pulmonary vascular changes are commencing that may well preclude surgery at a later date; and (3) the data accumulated in our series and that of Becu and co-workers7 are indicative of the range of anatomic variations that the surgeon must be familiar with and be expected to cope with the wide range in the size of the lesions, multiple defects, and unusual locations of the defects in the septum.
SUMMARY
The clinical features and postmortem findings have been analyzed in 23 infants who had a ventricular septal defect and died in heart failure. This defect comprised 23 left, and combined ventricular hypertrophy were found without apparent correlation with the clinical, hemodynamic, or postmortem findings.
No apparent relationship was found between the size of the defect or its location on the septum and the clinical manifestations or age at death. Four of the hearts had small defects less than half the diameter of the aortic orifice.
Distinct medial hypertrophy of the small pulmonary arteries was present in 12 cases; in 6 cases, no significant changes were seen.
The surgical implications of these findings are discussed. . Docent in the University of Berlin, published his paper "On the Topography and Percussion of the Lung Apices" (Zur Topographie der Lungenspitzen und ihrer Percussion) in the Berliner klinische Wochenschrift 26: 809-812 (September 16) 1889.
"The examination of a patient who had been referred to me was the beginning of a series of determinations of the borders of the lung apices as well as the lung margins which I will briefly report here. After I had determined the anterior supraclavicular margin of the lung in the usual fashion, that is by gentle percussion, I proceeded, still percussing very lightly to the posterior aspect, and thereby obtained the following results: On the right side, as on the left, there appeared a line which extended medially in a wide arch with its convexity directed inward and which approached to within a centimeter of the midline, on the left at the level of a line between the second and third thoracic spines, on the right at the level of the fourth thoracic spine. In this case the right apex was diseased ... while the left showed a normal condition.... Inasmuch as I had obviously been successful in determining not only the height of the lung apices but also their breadth ... I tried to determine similarly the lateral margin... .The determination of the posterior lateral border is easy in many cases, especially in thin individuals, but is frequently difficult in powerfully built, extremely muscular, or fat persons. The lateral border which I have outlined on the anterior surface is extremely trustworthy. It runs from about the middle of the anterior margin of the trapezius muscle, curves down sharply, cuts the clavicle at about the line between its middle andI outer third, and then courses outward diagonally to the axilla. From the configuration of these normal clinical margins, it will now be possible, without great difficulty, to hypothecate the necessary shift which will occur ashen there are pathological changes in the lung apices. Diseases which reduce the air content will shift the medial border outward and the lateral border inwar~ds."
